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INTRODUCTION 



I . 

Today's high cost of aircraft dictates that the lifetimes 
of existing and new aircraft be extended as long as possible. 
The data acquisition system and computer programs described in 
this thesis will permit more realistic fatigue testing of 
aircraft materials; thereby enabling the engineer to predict 
and design more accurately for fatigue life. 

The programs are set up to start with a standard tension 
test to determine the modulus of elasticity and the Ramberg- 
Osgood coefficients to model the plastic region. The second 
program is for flight load simulation of a specific number 
of flight hours to be applied to a specimen with a given 
stress concentration. This program was designed to apply 
loads that would be experienced by fighter aircraft, the 
loads being randomly ordered after being selected from the 
Military Specification 8866 1000 flight hour spectrum. The 
load data from this test is stored in sequence on magnetic 
tape, and local strain information is gathered at the point 
of stress concentration via pictures of photo-elastic 
patterns taken during the test. The last program assesses 
the damage incurred by the specimen during the flight 
simulation. This program is specialized to predict damage 
for specimens fabricated from 7075-T6 Aluminum. 
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II. CONCEPTS 



A. STRESS AND STRAIN CALCULATIONS 

Lindsey has developed [Ref. 1] a series of equations 
for calculating local stresses at stress concentration 
sites, which use a nonlinear stress-strain law and account 
for residual stresses and strains. The analysis assumes 
that the notch tip behaves in many respects like a uni- 
axial tension specimen with a Ramberg-Osgood description. 

e = | + 6(|) n (1) 

Loading the specimen of Figure 1 to a nominal stress of 
S psi, the local stress can be found by solving 

K t S = a [ 1 + B(|) n_1 ] (2) 

where 

K = Elastic Stress Concentration Factor 
During the unloading portion of the cycle, Lindsey showed, 
via energy considerations, that the residual stress was 
given by 

,_2 , 2nSE 2 , 0,11+1, ^ (3) 

ff R = 0 ‘ [0 + ”5+1“ E 1 

where a is the local stress at the notch at the peak of the 
loading cycle as found from Equation (2) above. This stress 
will be compressive and will be non-zero only if a exceeds 
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Figure 1. Sample Test Specimen 



the proportional limit by a significant amount. The 
residual strain is positive and given by 




( 4 ) 



These values of stress and strain become the starting points 
for the next cycle, and the R fatigue parameter is calculated 
taking the residual stress into account. (The R value is 
the ratio of the minimum stress to the maximum stress.) The 
elastic stress in subsequent cycles is given by 



At the next yield, a new residual stress and strain must be 
calculated from Equations (3) and (4) . 

B. MILITARY SPECIFICATIONS FOR FATIGUE 

In order to analyze materials and structures for fatigue, 
it is necessary to have some knowledge of the types of loads 
and the number of loading cycles that the structure will be 
subjected to. For this purpose Military Specification 8866 
Flight Loading Spectrum A has been chosen (Table I) . This 
spectrum was chosen by the military for loadings that were 
expected on fighter-type aircraft for each 1000 hours of 
flight time. The military expects these aircraft to have 
a lifetime of 4000-6000 hours under this type of loading. 



o — 0— + K S 
R r 



Ee r l 1 + I 



Last 

Yield 



(5) 
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TABLE I 



FLIGHT LOAD SPECTRUM A 



% Limit Load 


Number of Cycles 


35 


17,000 


45 


9,500 


55 


6,500 


65 


4,500 


75 


2,500 


85 


1,360 


95 


440 


105 


150 


115 


40 


125 
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C. STANDARD USED FOR MATERIAL PROPERTIES 

The reference material specifications for fatigue life 
were taken from NACA TN 2324 [Ref. 2]. Testing was done on 
sheet 75S-T6 Aluminum (Ai 7075-T6) for various R values. 

The results of these tests were plotted in Figure 2. 
Regression equations were formulated using the BMDP 
Biomedical Computer Programs [Ref. 3] by inputing the data 
points in Table II that were selected off Figure 2. 

The best regression formula (Table III) was found by 
using the actual R value and the stress divided by 10,000. 
The output value was the logarithm of the number of cycles 
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Figure 2. S-N Diagram for 7075-T6 Aluminum 
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